Introduction {#S0001}
============

Osteosarcoma (OS) is a malignant tumor with high mortality that often occurs in children and adolescents.[@CIT0001],[@CIT0002] OS is characterized by pain and lumps in the tumor site and can lead to limited joint movement and muscle atrophy as the disease progresses.[@CIT0003],[@CIT0004] Early detection and early treatment is the treatment criterion for OS, but advanced tumor metastasis and invasion to soft tissue seriously hinder the treatment process of OS patients.[@CIT0005],[@CIT0006] Therefore, exploring the molecules that influence OS progression may provide new strategies for the treatment of OS.

Non-coding RNAs (ncRNAs) are a class of RNAs that are directly transcribed from the genome but do not encode proteins, including the well-studied circular RNAs (circRNAs) and microRNAs (miRNAs) in recent years.[@CIT0007],[@CIT0008] CircRNAs are believed to play an important regulatory role in OS progression, and many circRNA functions have been clarified.[@CIT0009] For instance, circ_0000285 expression is thought to be associated with OS proliferation and migration,[@CIT0010] and upregulated circ_0001658 can promote the proliferation and metastasis of OS.[@CIT0011] Circ_0000885 is a newly discovered circRNA. Li et al reported that circ_0000885 was highly expressed in hepatocellular carcinoma and was involved in the regulation of cell proliferation and cell cycle.[@CIT0012] Zhu et al showed that circ_0000885 was upregulated in the tissues and serum of OS patients, so it was speculated that it might be a good indicator of poor prognosis in OS patients,[@CIT0013] but its role in OS progression had not been studied yet.

MiR-1294 is considered a tumor suppressor in many cancers, such as clear cell renal cell carcinoma and oral squamous cell carcinoma.[@CIT0014],[@CIT0015] Besides, miR-1294 can be sponged by circ_0005198 to participate in the mediation of circ_0005198 on the proliferation, apoptosis and metastasis of glioma.[@CIT0016] In OS, Zhang et al found that miR-1294 could restrain the proliferation and invasion of OS cells,[@CIT0017] which provided a basis for exploring the role of miR-1294 in OS. Fibroblast growth factor receptor 1 (FGFR1) is a member of the FGFR family, and its expression is closely related to biological processes, such as cell survival, migration, and proliferation.[@CIT0018] And there is a lot of evidence that FGFR1 plays an essential role in tumorigenesis.[@CIT0019] Many studies have confirmed that FGFR1 has significant high expression in OS and is related to the proliferation and metastasis of OS.[@CIT0020],[@CIT0021]

At present, the possibility that circRNA can act as a "miRNA sponge" has been proved as a candidate mechanism for circRNA.[@CIT0022],[@CIT0023] Therefore, in this study, in addition to exploring the role of circ_0000885 in OS progression, we also explored the molecular mechanism of circ_0000885 based on the circRNA-miRNA-messenger RNA (mRNA) regulatory network. These studies might provide references for exploring new therapeutic targets for OS.

Materials and Methods {#S0002}
=====================

Collection of Tissues {#S0002-S2001}
---------------------

Thirty pairs of OS tumor tissues and matched normal tissues were collected from 30 OS patients who underwent treatment and surgery in Children's Hospital of Anhui Medical University and were saved at −80°C. All patients had written informed consent, and our study was approved by the Ethics Committee of Children's Hospital of Anhui Medical University.

Cell Culture {#S0002-S2002}
------------

OS cell line (Saos-2) and normal human osteoblastic cell line (hFOB) were bought from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in McCoy's 5A medium (Invitrogen, Carlsbad, CA, USA) and Dulbecco's modified Eagle medium (DMEM, Invitrogen), respectively. OS cell line (SOSP-9607) was purchased from the Department of orthopedics, fourth military medical university (Xian, China) and was approved by the Ethics Committee of Children's Hospital of Anhui Medical University. SOSP-9607 cells were cultured in RPMI-1640 medium (Invitrogen). All medium contained 10% fetal bovine serum (FBS, Invitrogen) and 1% penicillin/streptomycin (Invitrogen). All cells were placed at 37°C with 5% CO~2~ incubator.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

Total RNA was extracted using Trizol reagent (Invitrogen). After measuring the concentration, the RNA was reversely converted to cDNA using cDNA Synthesis Kit (Thermo Fisher Scientific, Waltham, MA, USA), and then qRT-PCR was performed via Fast SYBR Green (Thermo Fisher Scientific). Data were normalized using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or U6. The primer sequences were listed as below: circ_0000885, F 5ʹ-ACTGCCAGAAAGTGTGTCCC-3ʹ, R 5ʹ-CGGGCCTCGTTTTGAACATC-3ʹ; FGFR1, F 5ʹ-CCTCCTCCCTTCCCAAGTAA-3ʹ, R 5ʹ-GGACTGATACCCCAGCTCAG-3ʹ; GAPDH, F 5ʹ-CCACCCATGGCAAATTCCATGGCA-3ʹ, R 5ʹ-TCTAGACGGCAGGTCAGGTCCACC-3ʹ; miR-1294, F 5ʹ-TATGATCTCACCGAGTCCT-3ʹ, R 5ʹ-CACCTTCCTAATCCTCAGTT-3ʹ; U6, F 5ʹ-CTCGCTTCGGCAGCACA-3ʹ, R 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. All data were calculated by the 2^−ΔΔCt^ method.

Cell Transfection {#S0002-S2004}
-----------------

Saos-2 and SOSP-9607 cells (5 × 10^5^) were seeded in 6-well plates and cultured for 12 h until cells reached 70% confluence. Circ_0000885 small interfering RNA (si-circ_0000885), miR-1294 mimic (miR-1294), miR-1294 inhibitor (anti-miR-1294), FGFR1 overexpression vector (pcDNA-FGFR1) and circ_0000885 lentiviral short hairpin RNA (sh-circ_0000885) or their negative controls (si-NC, miR-NC, anti-miR-NC, pcDNA-NC and sh-NC) were obtained from RiboBio (Guangzhou, China). According to the manufacture's protocols, 50 ng of the above plasmids or oligonucleotides were transfected into Saos-2 and SOSP-9607 cells using 1 μL Lipofectamine 3000 (Invitrogen). After 48 h, the cells were harvested for the follow-up experiments.

Cell Proliferation Assay {#S0002-S2005}
------------------------

3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide (MTT) assay and colony formation assay were used to evaluate the proliferation of Saos-2 and SOSP-9607 cells. For MTT assay, Saos-2 and SOSP-9607 cells were seeded in 96-well plates for 24 h after transfection. Then, MTT solution (Beyotime, Shanghai, China) was added into cells. After 4 h, cells were treated with dimethylsulfoxide (DMSO) and the absorbance at 490 nm was detected to assess the proliferation of cells. For colony formation assay, Saos-2 and SOSP-9607 cells were seeded in 6-well plates after transfection. Cell medium was changed every 2 days, and cells were cultured for 2 weeks. Finally, the cells were fixed with methanol and stained with crystal violet, and then the colony number of cells (\>50 cells) was counted using a microscope.

Cell Cycle Distribution {#S0002-S2006}
-----------------------

After transfection, Saos-2 and SOSP-9607 cells were seeded in 6-well plates. Then, cells were digested with trypsin and collected into a centrifuge tube after cultured for 48 h. After fixation and RNase A (Thermo Fisher Scientific) treatment, the cells were stained with propidium iodide (PI; Amyjet, Wuhan, China) for 20 min. The cell cycle distribution was finally detected by flow cytometer (Thermo Fisher Scientific).

Transwell Assay {#S0002-S2007}
---------------

For cell migration, Saos-2 and SOSP-9607 cells were seeded in the upper chamber (Corning Inc., Corning, NY, USA) containing serum-free medium, while the lower chamber was filled with serum medium. For cell invasion, Matrigel (Corning Inc.) was pre-coated on the upper chamber, and other procedures were consistent with cell migration assay. After 24 h, the lower chamber cells were fixed and stained, and the number of migrated or invaded cells was counted.

Dual-Luciferase Reporter Assay {#S0002-S2008}
------------------------------

The wild-type (WT) or mutant-type (MUT) sequences of circ_0000885 or FGFR1 were cloned into the pGL3-basic vector (Promega, Madison, WI, USA) and built as circ_0000885-WT/MUT or FGFR1 3ʹUTR-WT/MUT reporter vector. The reporter vector and miR-1294 mimic or miR-NC were co-transfected into Saos-2 and SOSP-9607 cells using Lipofectamine 3000. Luciferase activity was assessed by the Dual-Luciferase Reporter Assay System (Promega) after 48 h transfection.

Western Blot (WB) Analysis {#S0002-S2009}
--------------------------

Saos-2 and SOSP-9607 cells were lysed using RIPA buffer (Beyotime) and the concentration was detected using BCA Kit (Beyotime). Then, the protein sample was isolated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred to polyvinylidene fluoride (PVDF) membranes (Thermo Fisher Scientific). After that, the membranes were blocked using skimmed milk, incubated with primary antibody FGFR1 (1:400, Boster, Wuhan, China) or GAPDH (1:400, Boster), and interacted with secondary antibody (1:1,000, Boster). The protein blots were determined using SuperSignal Chemiluminescent Substrates (Thermo Fisher Scientific).

OS Mice Models {#S0002-S2010}
--------------

BALB/c nude mice (5 weeks old) were obtained from the Guangdong provincial experimental animal center for medicine (Guangdong, China) and randomly divided into 2 experimental groups (n = 6 per/group). Animal procedures were approved by the Committee of Children's Hospital of Anhui Medical University and performed in accordance with the guidelines of Animal Protection Law of the People's Republic of China-2009. Saos-2 cells were stably transfected with sh-circ_0000885 or sh-NC. Next, transfected Saos-2 cells (5 × 10^6^) were subcutaneously injected into nude mice. The length and width of the tumor were measured using a caliper from day 7 after injection, and then every 4 days until day 27. Then, mice were euthanized, and the tumors were collected for further experiments. Tumor weight was calculated using width^2^ × length/2.

Statistical Analysis {#S0002-S2011}
--------------------

Data were analyzed using GraphPad Prism 5.0 software (GraphPad, La Jolla, CA, USA) and were shown as the mean ± standard deviation. Student's *t*-test was used for the statistical differences between the two groups, and one-way analysis of variance was used for the differences among the multiple group, followed by Tukey post hoc test. *P* \< 0.05 was regarded as statistically significant. All experiments were performed in triplicate.

Results {#S0003}
=======

Circ_0000885 Had High Expression in OS Tissues and Cells {#S0003-S2001}
--------------------------------------------------------

We first explored the expression status of circ_0000885 in both OS tissues and cells using qRT-PCR. The results revealed that circ_0000885 was markedly upregulated in OS tumor tissues compared with that in matched normal tissues ([Figure 1A](#F0001){ref-type="fig"}). The correlation between circ_0000885 expression and the clinical pathological characteristics of OS patients showed that high circ_0000885 expression was positively correlated with the TNM stage of OS patients (*P* \< 0.05, [Table 1](#T0001){ref-type="table"}). Next, circ_0000885 expression in OS cell lines (Saos-2 and SOSP-9607) was also higher than in hFOB cells ([Figure 1B](#F0001){ref-type="fig"}). These results suggested that circ_0000885 might play a vital role in OS.Table 1Correlation Between Relative Circ_0000885 Expression and the Clinical Pathological Characteristics of OS PatientsVariablesNo. of PatientCirc_0000885 Expression*P* valueLowHighGender Male197120.364 Female1147Age (years) \<50177100.210 ≥501367TNM stage I9540.032 II15312 III633Smoking status Never188100.211 Ever1248[^1] Figure 1Circ_0000885 had high expression in OS. (**A**) The expression of circ_0000885 was examined by qRT-PCR in OS tumor tissues (Tumor) and matched normal tissues (Normal). (**B**) QRT-PCR was used to detect the circ_0000885 expression in OS cells (Saos-2 and SOSP-9607) and hFOB cells. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; qRT-PCR, quantitative real-time polymerase chain reaction.

Knockdown of Circ_0000885 Decreased Proliferation, Arrested Cell Cycle, - Inhibited Migration and Invasion in OS Cells {#S0003-S2002}
----------------------------------------------------------------------------------------------------------------------

To investigate the role of circ_0000885 on OS malignant phenotypes, we used si-circ_0000885 to silence the expression of endogenous circ_0000885 and confirmed the transfection efficiency of si-circ_0000885 by detecting the expression of circ_0000885 in Saos-2 and SOSP-9607 cells ([Figure 2A](#F0002){ref-type="fig"}). The effect of circ_0000885 silencing on OS cell proliferation was assessed via MTT assay and colony formation assay. And the results showed that circ_0000885 knockdown inhibited the OD values and colony numbers of Saos-2 and SOSP-9607 cells, indicating that the proliferation of OS cells could be suppressed by circ_0000885 silencing ([Figure 2B](#F0002){ref-type="fig"}[D](#F0002){ref-type="fig"}). Besides, through detecting the cell cycle distribution, we found that silenced circ_0000885 could induce cell cycle arrest in G0/G1 phase to reduce the number of Saos-2 and SOSP-9607 cells in S phase ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}). Further, the migration and invasion of Saos-2 and SOSP-9607 cells transfected with si-circ_0000885 were significantly reduced ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). Therefore, we speculated that circ_0000885 might play a pro-cancer role in OS.Figure 2Knockdown of circ_0000885 decreased proliferation, arrested cell cycle, inhibited migration and invasion in OS cells. Saos-2 and SOSP-9607 cells were transfected with si-circ_0000885 or si-NC. (**A**) The relative expression of circ_0000885 was determined using qRT-PCR. (**B--D**) MTT assay and colony formation assay were used to measure the proliferation of Saos-2 and SOSP-9607 cell. (**E** and **F**) Cell cycle distribution was tested using flow cytometry. (**G** and **H**) Transwell assay was used to assess the migration and invasion abilities of Saos-2 and SOSP-9607 cells. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; si, small interfering RNA; NC, negative control; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide; G0/G1, DNA synthesis prophase; S, DNA synthesis phase; G2/M, DNA synthesis anaphase/cell division phase; OD, optical density; FL2-A-PE-A, the area of fluorescence; qRT-PCR, quantitative real-time polymerase chain reaction.

Circ_0000885 Directly Targeted MiR-1294 in OS {#S0003-S2003}
---------------------------------------------

Then, we searched the potential miRNAs bound to circ_0000885 using the Starbase tool and found that miR-1294 could bind with circ_0000885 ([Figure 3A](#F0003){ref-type="fig"}). Dual-luciferase activity assay results suggested that miR-1294 mimic could remarkably reduce the luciferase activity of circ_0000885-WT reporter vector but not the circ_0000885-MUT reporter vector in Saos-2 and SOSP-9607 cells ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). Moreover, we also detected the expression of miR-1294 in OS tissues and cells, and the results showed that miR-1294 was significantly down-regulated in OS tumor tissues compared with matched normal tissues ([Figure 3D](#F0003){ref-type="fig"}). Similarly, we found same expression trends in OS cells ([Figure 3E](#F0003){ref-type="fig"}). More importantly, we observed a negative correlation between miR-1294 and circ_0000885 expression in OS ([Figure 3F](#F0003){ref-type="fig"}). And miR-1294 expression could be increased by circ_0000885 knockdown in Saos-2 and SOSP-9607 cells ([Figure 3G](#F0003){ref-type="fig"}). Hence, our data indicated that miR-1294 could be sponged by circ_0000885 in OS.Figure 3Circ_0000885 directly targeted miR-1294 in OS. (**A**) Predicted binding sites or mutant binding sites in circ_0000885 for miR-1294 were shown. (**B** and **C**) The luciferase activity of circ_0000885-WT or circ_0000885-MUT was measured using the dual-luciferase reporter assay. (**D**) The expression of miR-1294 in OS tumor tissues (Tumor) and matched normal tissues (Normal) was determined by qRT-PCR. (**E**) MiR-1294 expression in OS cells (Saos-2 and SOSP-9607) and hFOB cells was measured using qRT-PCR. (**F**) The correlation between circ_0000885 and miR-1294 was analyzed via Pearson correlation analysis. (**G**) QRT-PCR was employed to assess the miR-1294 expression in Saos-2 and SOSP-9607 cells transfected with si-circ_0000885 or si-NC. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; WT, wild-type; MUT, mutant-type; NC, negative control; si, small interfering RNA; qRT-PCR, quantitative real-time polymerase chain reaction.

Circ_0000885 Regulated the Progression of OS via Targeting MiR-1294 {#S0003-S2004}
-------------------------------------------------------------------

To investigate whether the regulation of circ_0000885 on OS progression was mediated by miR-1294, Saos-2 and SOSP-9607 cells were co-transfected with si-circ_0000885 and anti-miR-1294. The detection of the miR-1294 expression results showed that miR-1294 inhibitor could abolish the promotion effect of circ_0000885 knockdown on miR-1294 expression ([Figure 4A](#F0004){ref-type="fig"}). As exhibited in [Figure 4B](#F0004){ref-type="fig"}[D](#F0004){ref-type="fig"}, the inhibition effect of circ_0000885 silencing on the OD values and colony numbers of Saos-2 and SOSP-9607 cells could be partially reversed by miR-1294 inhibitor. At the same time, the increased number of G0/G1 phase of cells caused by circ_0000885 knockdown also could be recovered by miR-1294 inhibitor, which could be reflected by increasing the number of Saos-2 and SOSP-9607 cells in S phase ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). As expected, the migration and invasion abilities of Saos-2 and SOSP-9607 cells inhibited by silenced circ_0000885 could be inverted by miR-1294 inhibitor ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}). These results revealed that miR-1294 participated in the regulation of circ_0000885 on the progression of OS.Figure 4Circ_0000885 regulated the progression of OS via targeting miR-1294. Saos-2 and SOSP-9607 cells were transfected with si-NC, si-circ_0000885, si-circ_0000885 + anti-miR-NC or si-circ_0000885 + anti-miR-1294, respectively. (**A**) Relative miR-1294 expression in Saos-2 and SOSP-9607 cells was measured by qRT-PCR. (**B--D**) MTT assay and colony formation assay were performed to test the proliferation of Saos-2 and SOSP-9607 cells. (**E** and **F**) Flow cytometry was employed to evaluate the cell cycle distribution of Saos-2 and SOSP-9607 cells. (**G** and **H**) The migration and invasion abilities of Saos-2 and SOSP-9607 cells were determined via transwell assay. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; si, small interfering RNA; NC, negative control; OD, optical density; G0/G1, DNA synthesis prophase; S, DNA synthesis phase; G2/M, DNA synthesis anaphase/cell division phase; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide; qRT-PCR, quantitative real-time polymerase chain reaction.

FGFR1 Was a Target of MiR-1294 in OS {#S0003-S2005}
------------------------------------

Also, we used the Targetscan tool to predict the binding targets of miR-1294. The predicted target binding site between FGFR1 3ʹUTR and miR-1294 is shown in [Figure 5A](#F0005){ref-type="fig"}. Further, we found that miR-1294 overexpression could suppress the luciferase activity of FGFR1 3ʹUTR-WT reporter vector but had no significant effects on FGFR1 3ʹUTR-MUT reporter vector ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). By detecting the mRNA and protein levels of FGFR1, we observed that FGFR1 had elevated expression in OS tissues and cells compared with matched normal tissues and hFOB cells, respectively ([Figure 5D](#F0005){ref-type="fig"}[G](#F0005){ref-type="fig"}). Besides, FGFR1 expression was negatively correlated with miR-1294 expression in OS, as demonstrated by Pearson correlation analysis ([Figure 5H](#F0005){ref-type="fig"}). To evaluate the effect of miR-1294 on FGFR1 expression, we measured FGFR1 expression in Saos-2 and SOSP-9607 cells transfected with miR-1294 mimic, and the results indicated that miR-1294 overexpression could remarkably repress the FGFR1 expression ([Figure 5I](#F0005){ref-type="fig"} and [J](#F0005){ref-type="fig"}). All data suggested that miR-1294 directly targeted FGFR1 in OS.Figure 5FGFR1 was a target of miR-1294 in OS. (**A**) The sequences of FGFR1 3ʹUTR-WT or FGFR1 3ʹUTR-MUT were exhibited. (**B** and **C**) Dual-luciferase reporter assay was performed to measure the luciferase activity of FGFR1 3ʹUTR-WT or FGFR1 3ʹUTR-MUT in Saos-2 and SOSP-9607 cells transfected with miR-1294 mimic or miR-NC. (**D** and **E**) The mRNA and protein expression of FGFR1 in OS tumor tissues (Tumor) and matched normal tissues (Normal) was detected by qRT-PCR and WB analysis, respectively. (**F** and **G**) QRT-PCR and WB analysis were used to determine the mRNA and protein expression of FGFR1 in OS cells (Saos-2 and SOSP-9607) and hFOB cells. (**H**) Pearson correlation analysis was employed to assess the correlation between miR-1294 and FGFR1 expression in OS. (**I** and **J**) QRT-PCR and WB analysis were employed to evaluate the mRNA and protein expression of FGFR1 in Saos-2 and SOSP-9607 cells transfected with miR-1294 mimic or miR-NC. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; WT, wild-type; MUT, mutant-type; NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; WB, Western blot; qRT-PCR, quantitative real-time polymerase chain reaction.

FGFR1 Was Involved in the Regulation of MiR-1294 on OS Progression {#S0003-S2006}
------------------------------------------------------------------

For confirming FGFR1 was targeted by miR-1294, we co-transfected with miR-1294 mimic and pcDNA-FGFR1 into Saos-2 and SOSP-9607 cells. Through detecting the mRNA and protein levels of FGFR1 in Saos-2 and SOSP-9607 cells, we discovered that pcDNA-FGFR1 restored the inhibition effect of miR-1294 mimic on FGFR1 expression ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). The detection of the proliferation ability of Saos-2 and SOSP-9607 cells results indicated that overexpressed miR-1294 hindered the OD values and colony numbers of cells, while FGFR1 overexpression could reverse this effect ([Figure 6C](#F0006){ref-type="fig"}[E](#F0006){ref-type="fig"}). Meanwhile, the arresting effect of miR-1294 overexpression on the G0/G1 phase of the cell cycle also could be recovered by FGFR1 overexpression in Saos-2 and SOSP-9607 cells, which could also be confirmed by increasing the number of cells in S phase ([Figure 6F](#F0006){ref-type="fig"} and [G](#F0006){ref-type="fig"}). Besides, overexpressed FGFR1 partially inverted the suppression effect of miR-1294 mimic on the migration and invasion abilities of Saos-2 and SOSP-9607 cells ([Figure 6H](#F0006){ref-type="fig"} and [I](#F0006){ref-type="fig"}). So, we concluded that miR-1294 regulated the progression of OS by targeting FGFR1.Figure 6FGFR1 was involved in the regulation of miR-1294 on OS progression. Saos-2 and SOSP-9607 cells were transfected with miR-NC, miR-1294, miR-1294 + pcDNA-NC or miR-1294 + pcDNA-FGFR1, respectively. (**A** and **B**) The mRNA and protein expression of FGFR1 was determined using qRT-PCR and WB analysis. (**C--E**) The proliferation of Saos-2 and SOSP-9607 cells was evaluated using MTT assay and colony formation assay. (**F** and **G**) The cell cycle distribution of Saos-2 and SOSP-9607 cells was examined using flow cytometry. (**H** and **I**) The migration and invasion abilities of Saos-2 and SOSP-9607 cells were detected using transwell assay. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; OD, optical density; G0/G1, DNA synthesis prophase; S, DNA synthesis phase; G2/M, DNA synthesis anaphase/cell division phase; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide; WB, Western blot; qRT-PCR, quantitative real-time polymerase chain reaction.

FGFR1 Expression Was Regulated by Circ_0000885 and MiR-1294 {#S0003-S2007}
-----------------------------------------------------------

Furthermore, correlation analysis revealed that there was a positive correlation between circ_0000885 and FGFR1 expression in OS ([Figure 7A](#F0007){ref-type="fig"}). To further explore whether FGFR1 was regulated by circ_0000885, we tested the FGFR1 expression in Saos-2 and SOSP-9607 cells transfected with si-circ_0000885 and anti-miR-1294. As presented in [Figure 7B](#F0007){ref-type="fig"}, silenced circ_0000885 had a significant inhibitory effect on the expression of FGFR1, and this effect could be recovered by miR-1294 inhibitor. The results of the FGFR1 protein level were consistent with the mRNA level results ([Figure 7C](#F0007){ref-type="fig"}). Hence, we confirmed that circ_0000885 regulated the expression of FGFR1 through miR-1294.Figure 7FGFR1 expression was regulated by circ_0000885 and miR-1294. (**A**) Pearson correlation analysis was used to evaluate the correlation between FGFR1 and circ_0000885 expression in OS. (**B** and **C**) After transfected with si-NC, si-circ_0000885, si-circ_0000885 + anti-miR-NC or si-circ_0000885 + anti-miR-1294, the mRNA and protein expression of FGFR1 in Saos-2 and SOSP-9607 cells was determined by qRT-PCR and WB analysis, respectively. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; si, small interfering RNA; NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; WB, Western blot; qRT-PCR, quantitative real-time polymerase chain reaction.

Interference of Circ_0000885 Inhibited OS Tumor Growth in vivo {#S0003-S2008}
--------------------------------------------------------------

To identify the phenotypes of circ_0000885 silencing, we carried out the animal experiments using sh-circ_0000885. As could be seen from [Figure 8A](#F0008){ref-type="fig"}, the growth rate of tumor volume in the circ_0000885 knockdown group was significantly lower than that in the sh-NC group, and the tumor weight was markedly reduced in the sh-circ_0000885 group ([Figure 8B](#F0008){ref-type="fig"}). To confirm the knockdown efficiency of the sh-circ_0000885, we examined the expression of the circ_0000885 and found that circ_0000885 expression was indeed significantly inhibited in the sh-circ_0000885 group ([Figure 8C](#F0008){ref-type="fig"}). In addition, we also uncovered that compared with the sh-NC group, the expression of miR-1294 was markedly increased ([Figure 8D](#F0008){ref-type="fig"}), while the expression of FGFR1 was obviously decreased in the sh-circ_0000885 group ([Figure 8E](#F0008){ref-type="fig"} and [F](#F0008){ref-type="fig"}).Figure 8Interference of circ_0000885 inhibited OS tumor growth in vivo. (**A**) Tumor volume was calculated by recording the length and width of the tumor. (**B**) Tumor weight was weighed after removed tumors from mice. (**C--E**) The expression of circ_0000885, miR-1294 and FGFR1 in the sh-circ_0000885 group and the sh-NC group was measured using qRT-PCR. (**F**) The protein level of FGFR1 in the sh-circ_0000885 group and the sh-NC group was detected by WB analysis. \**P* \< 0.05.**Abbreviations:** OS, osteosarcoma; sh, lentiviral short hairpin RNA; NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; WB, Western blot; qRT-PCR, quantitative real-time polymerase chain reaction.

Discussion {#S0004}
==========

In recent years, circRNA has been recognized by researchers as an important regulator and biomarker of cancer because of its ability to mediate the carcinogenesis of many cancers.[@CIT0024],[@CIT0025] For example, hsa_circRNA_103809 was considered to be a biomarker for lung cancer prognosis because of its ability to regulate cell proliferation, invasion, and mediate tumor formation.[@CIT0026] Kun-Peng et al reported that circPVT1 was associated with drug resistance in OS patients, suggesting that it might be a diagnostic and therapeutic biomarker for OS.[@CIT0027] Also, Nie et al showed that circ-NT5C2 might act as a potential prognosis biomarker for OS.[@CIT0028] Agreed with the results of Zhu et al,[@CIT0013] circ_0000885 had increased expression in OS in our study. More importantly, through the loss-of-function experiments, we obtained the results that circ_0000885 knockdown could inhibit the proliferation, cell cycle and metastasis of OS cells in vitro and OS tumor growth in vivo, which confirmed the necessity of circ_0000885 expression in the progression of OS. At the same time, in terms of molecular mechanism, we verified that circ_0000885 mediated OS progression through the regulation of FGFR1 expression by sponging miR-1294.

The role of miR-1294 in many cancers has been elucidated. Shi et al showed that the down-regulation of miR-1294 expression could be used as an indicator in the poor prognosis of gastric cancer.[@CIT0029] In addition to poor prognosis, the low expression of miR-1294 was also associated with the proliferation and cell cycle of epithelial ovarian cancer.[@CIT0030] Although there were few studies on miR-1294 in OS, Zhang et al found that the results of significantly lower expression of miR-1294 in OS also provided a reference for studying the role of miR-1294 in OS,[@CIT0017] which was also confirmed in our study. Moreover, in order to confirm the interaction between miR-1294 and circ_0000885, we conducted the rescue experiments. The partial reversal effect of miR-1294 inhibitor on si-circ_0000885 function proved that miR-1294 was one of the downstream targets of circ_0000885, and there might be other miRNAs regulated by circ_0000885, which needed further investigation. Also, the suppression effect of miR-1294 mimic on the proliferation, cell cycle and metastasis also indicated that miR-1294 could function as a tumor suppressor in OS.

Fe et al reported an abnormal amplification of FGFR1 in OS patients with poor response to chemotherapy, suggesting that its expression was associated with adverse reactions to chemotherapy.[@CIT0031] Also, previous studies had shown that FGFR1 inhibitors had been approved as anti-OS drugs, indicating that the presence of FGFR1 was important for OS progression.[@CIT0032],[@CIT0033] Here, we also revealed that FGFR1 was remarkably highly expressed in OS, and the partial reversal effect of its overexpression on miR-1294 mimic confirmed that it could interact with miR-1294 in OS. Besides, the inhibition effect of circ_0000885 silencing on FGFR1 expression in vivo and in vitro confirmed that FGFR1 expression was indirectly regulated by circ_0000885.

Conclusion {#S0005}
==========

Overall, our study suggested that high circ_0000885 expression promoted OS progression, including proliferation, cell cycle, migration and invasion. In terms of mechanism, we demonstrated that circ_0000885 targeted miR-1294 to promote FGFR1 expression and thus regulate OS progression. Our results confirmed the importance of circ_0000885 as an oncogene in OS, which might provide new insights into treatment options for OS.

Abbreviations {#S0006}
=============

OS, osteosarcoma; qRT-PCR, quantitative real-time polymerase chain reaction; FGFR1, fibroblast growth factor receptor 1; WB, Western blot; ncRNAs, non-coding RNAs; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide; si, small interfering RNA; sh, lentiviral short hairpin RNA; NC, negative control.

Highlights {#S0007}
==========

1\. Circ_0000885 knockdown restrains proliferation, migration, invasion, and induces cell cycle arrest in OS.

2\. Circ_0000885 can serve as a sponge of miR-1294 in OS.

3\. MiR-1294 directly targets FGFR1 in OS.
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[^1]: **Abbreviations:** OS, osteosarcoma; TNM, T is the topography, N is the lymph node, and M is the distant metastasis.
